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@ Method for making polarization independent silica optical, circuits. 



@ In accordance with the invention, a polari- 
zation independent optical device is fabricated 
by buBding tfie waveguide stmcture on a silicon 
sut>strate, adding a reinforcing layer of glass 
and removing regions of the silicon substrate 
underlying the waveguide structure. Alterna- 
tively, a reinforcing layer of glass can be added 
after the silicon in removed. Removal of the 
silicon underlying the waveguide staicture 
eliminates polarization dependent spectral ef- 
fects by eliminating the source of compressive 
strain, and the resulting glass reinforced struc- 
tures are suflficientiy robust for practical appli- 
cations. 
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Field of the invention 

This invention relates to polarization independent 
silica optical circuits. The invention is particularly 
useful for providing nnultiplexers and demultiplexers 
with a polarization independent spectral response. 

Bacicflround of the invention 

As optical fiber communications channels in- 
creasingly replace metal cable and microwave trans- 
mission links, integrated optical devices for directly 
processing optical signals become increasingly im- 
portant A useful approach to optical processing is 
through the use of integrated glass waveguide struc- 
tures formed on silicon substrates. The basic struc- 
ture of such devices, commonly called silica optical 
circuits, is described in C. H. iHenry et al., "Glass Wa- 
veguides on Silicon for Fiybrid Optical Packaging", 7 
J. Lightwave Technd ., pp. 1530-1539 (1989) which is 
incorporated herein by reference. In essence a silicon 
sutistrate Is provided with a t>ase layer of SiOa, and a 
thin core layer of doped silica glass Is deposited on 
the oxide. The core layer can be configured to a de- 
sired waveguide structure— typically 5-7 micrometers 
wide— using standard photolithographic techniques, 
and a layer of doped silica glass is deposited on the 
core to act as a top cladding. Depending on the pre- 
cise configuration of the waveguide, such devices 
can perform a wkJe variety of functions such as beam 
splitting, tapping, multiplexing, demultiplexing and fil- 
tering. 

One shortcoming of such devices, however, is bi- 
refringence induced in the waveguide core by com- 
pressive strain. The compressive strain is due to dif- 
ferential thermal expansion between the silicon and 
the silica. The effect of the resulting birefringence is 
that different polarizatk>n modes of transmitted light 
are presented with different effective indices of re- 
fraction. Specifically, the transverse magnetic mode 
(TM) encounters a greater index than does the tran^ 
verse electric (TE) mode. The dispersive effect is fur- 
ther aggravated by curves in the waveguide. When 
traversing a curve, optical modes are shifted radially 
outward. Amode loosely bound to the waveguide core 
(TM) will experience a greater outward shift than a 
mode more tightly bound (TE) with the consequence 
that the loosely bound mode has a greater optical 
path length and phase. 

Elimination of the resulting birefringence has 
long been recognized as necessary for high perfor- 
mance optical devices. Indeed a variety of ^aborate 
schemes have been proposed for compensating such 
birefringence. One meth dempi ys a half-wave plate 
inserted in the middle of a waveguide grating multi- 
plexer to rotate the polarizatton by 90^ See H. Taka- 
hashi et al., "Polarization-Insensitive Arrayed-Wave- 
guide Multiplexer on Silic n", Opt Letts. , 17 (7), p. 



499 (1992). This approach leads to excesslv loss. 
Another approach is t d posit on the waveguide a 
thick layer (sbc microm ters) of annorphous silicon. 
But the silicon layer must then be actively trimmed 

5 with a high power laser. See M. Kawatchi, et al, "Laser 
Trimming Adjustment of Wavegukie Birefringence In 
Silica Integrated Optic Ring Resonators", Proc. 
CLEO '89, Tu J. 17 (April 1989). Yet a third approach 
is to etch grooves alongside the waveguide to release 

10 strain. This approach requires deep grooves on the 
order of 60 micrometers deep. See M. Kawatchi et al, 
"Birefringence Control in l-ligh-Sllica Single-Mod 
Channel Waveguides in Silicon", Proc. OFC/IOOC '87, 
Tu Q 31 (Jan. 1987). Accordingly, strain-induced bi- 

15 refringence is clearly a problem in silicon based inte- 
grated optical devices. 

Summary of the Invention 

20 A polarization Independent optical device is fab- 

ricated by building the waveguide structure on a sill- 
con sut>strate, adding a reinforcing layer of glass and 
removing regions of the silicon substrate underlying 
the waveguide structure. Alternatively, a reinforcing 

25 layer of glass can be added after the silicon in re- 
nrK>ved. Removal of the silicon underlying the wave- 
guide structure eliminates polarization dependent 
spectral effects by eliminating the source of compres- 
sive strain, and the resulting glass reinforced struc- 

30 tures are sufficiently rotxjst for practical applications. 

Brief Description of the Drawings 
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In the drawings: 

FIG. 1 is a schematic block diagram showing the 
steps for making a polarization independent inte- 
grated optical device in accordance with a first 
embodiment of the inventk>n; 
FIGs. 2-4 are schematic cross sections of the de- 
vice at various stages in the process of RG. 1. 
FIG. 5 is a perspective view of a preferred device 
made in accordance with the process of FIG. 1. 
FiG. 6 Is a schematic biodk diagram showing the 
steps in an alternative method for making an in- 
tegrated optical device; and 
FIGs. 7-9 are schematic cross sections of the de- 
vice at various stages in the process of RG. 6. 

Detaiied Description 



Referring to the drawings, FIG. 1 is a block dia- 
gram illustrating a first embodiment of a method for 
making a polarizatton independent integrated optical 
device. The first step, shown in block A, Is to provide 
55 a sut>strate upon which the waveguide structure can 
be conveniently fonmed. The substrate advanta- 
geously comprises a material which can be selective- 
ly removed by etchants which do not also etch the 
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glass waveguide structure to be formed on the sub- 
strate. Preferably, the substrate Is a wafer of (100) sil- 
icon having a thickness of about 1/2 miltinrieter silicon. 

The next St p, shown In block involv s forming 
a waveguide structure on the substrate. Advanta- 5 
geously, the waveguide structure can be formed In 
the conventional manner by 1) forming a layer of un- 
dercladdlng glass on the substrate, 2) applying a lay- 
er of core glass and photolithographically defining a 
desired pattern of waveguides and 3) applying a layer io 
of glass overdaddlng over the defined waveguides. 
Conveniently, the first layer of cladding glass can be 
provided by growing SIO2 on the silicon substrate by 
high pressure steam oxidation. The core layer can be 
deposited on the oxide using LPCVD and can be dry 15 
etched as by RIE to pattern the waveguide configur- 
ation. Typical waveguide core widths are In the range 
5-7 micrometers. The core glass is preferably silica 
doped with 6-8% phosphorus and advantageously 
has a thickness in the range 4-6 micrometers. The 20 
core glass Is advantageously annealed, and there- 
after a preferred overdaddlng layer of phosphorus 
and boron doped silica can be deposited In a thick- 
ness in the range of 7-15 micrometers. 

FIG. 2 shows the resulting structure of substrate 25 
20, underdadding 21, waveguides 22, and overdad- 
dlng 23. Configurations of wavegukles useful as opt- 
ical switches, multiplexers, demultiplexes, planar 
lenses, and low order array multiplexers are shown in 
United States Patent No. 5,136,671 issued to C. Dra- 30 
gone and United States Patent No. 5,212,758 issued 
to R. Adar et al, both of which are incorporated herein 
by reference. 

As shown in block C of FIG. 1 , the third step is to 
form a glass reinforcing layer over the exposed sur- 3S 
face of the dad waveguide. This can be done by ap- 
plying an additional glass layer as by flame hydrolysis 
r by increasing the thickness of the overdaddlng. In 
either event, an additional thickness of glass prefer- 
ably in excess of 20 micrometers is added for protect- 40 
Ing the waveguide structure. The resulting structure 
is shown in FIG. 3 where the relnfordng layer 30 is 
disposed on the overdaddlng 23. 

The next step in block D of FIG. 1 Is removing at 
least the portion of the substrate underlying the wa- 45 
veguide structure. This removal can be done mech- 
anically, as by milling or laser ablation, chemically, as 
by wet etching or reactive ion etching, or by a combin- 
ation of the two. Where the substrate is silicon, a 
pocket underlying the waveguide region Is preferably so 
milled out using a standard milling nr^chine with a di- 
amond tool. The sut>strate Is milled to remove at least 
half its thickness and preferably at least 90% of its 
thickness. The remaining thickness of silicon can be 
etched away, as by using KOH etchant which, at SO"" 55 
C, etches silicon at a rate of about 3 ^nrVhr. 

The resulting product is schematically illustrated 
in the cross section of RG. 4 showing pock t 40 



where the substrate has been removed in the region 
below waveguides 22. This structure has the advan- 
tage of no contact between th glass and substrate 
in the region near the waveguides, reducing and sub- 
stantially eliminating birefringence due to compres- 
sive stress. 

FIG. 5 IS a perspective view of a prefenred device 
50 made in accordance with the process of FIG. 1 
useful as an optica! multiplexer, demultiplexer or 
switching device. In essence, the device comprises a 
waveguide configuration 22 of the type shown in Uni- 
ted States Patent No. 5,136,671 wherein portion 40 of 
substrate 20 has been removed below the waveguide 
configuration 22. More specifically, waveguide con- 
figuration 22 comprises a pair of substantially identi- 
cal star couplers 51 and 52 connected by an optical 
diffraction grating 53 comprising M unequal length 
waveguides spaced from one another by predeter- 
mined amounts. The device is shown interconnected 
with N optical fibers 54 on either end. As is well 
known, each star coupler comprises a dielectric slab 
defining a free space region between periodic anrays 
of waveguides, each radially directed toward a virtual 
focal point The device forms an NXN integrated opt- 
ical interconnection apparatus capable of switching, 
multiplexing or demultiplexing a large number of input 
and output wavelength channels with low crosstalk 
and insertk>n loss. 

The preferred technique for coupling optical fit>- 
ers to a waveguide device and packaging the product 
are described in applicant's United States Patent No, 
5,076,654 issued December 31, 1991 and entitled 
"Packaging of Silicon Optical Components*. This pa- 
tent is incorporated herein by reference. 

FIG. 6 shows an alternative embodiment similar 
to the process of FIG. 1 in the first three steps depict- 
ed in blocks A, B, C of FIG. 6, but differing in the fourth 
step at block D where the entire substrate is removed. 
As shown in block D, a second reinforcing layer of 
glass (>20^m} Is then applied on the side from which 
the substrate was removed. RG. 7 shows the struc- 
ture before removal of the substrate. FIG. 8 shows it 
after renru>val, and FIG. 9 shows the resulting product 
with the second reinforcing layer 90 of glass in place. 



Claims 

1 . A method for making an integrated optical device 
comprising the steps of: 

providing a substrate; 

forming an optical waveguide structure on 
a region of the substrate; 

f rming a relnfordng layer over said wave- 
guide structure; and 

removing said region of the substrate un- 
derlying said waveguide structure. 
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2. The method of claim 1 wherein said reinforcing 
layer comprises glass. 

3. The method of claim 1 wherein said optical wa- 
veguide structure is formed by the steps of fomn- 5 
ing a layer of undercladding glass on said sut)- 
strate, applying a layer of core glass on said un- 
dercladding glass, defining a pattern of wave- 
guides in said layer of core glass, and applying a 
layer of overcladding glass on said pattern of wa- io 
veguides. 

4. The method of daim 1 wherein at least a portion 
of the thickness of said region of the sut>strate is 
removed mechanically, or chemically. is 

5. The method of daim 1 wherein said region of the 
substrate is removed by mechanically removing 
at least one-half the thickness in said region and 
chemically removing the remaining thickness. 20 

6. The method of daim 1 wherein said glass rein- 
forcing layer has a thickness of at least 20 micro- 
meters. 

25 

7. The method of claim 1 wherein said substrate 
comprises silicon. 

8. A method for making an integrated optical device 
comprising the steps of: 30 

provkiing a substrate; 

forming an optical waveguide structure on 
said substrate; 

forming a first reinforcing layer over said 
waveguide structure; 35 

removing said substrate; and 

forming a second reinforcing layer overly- 
ing the surface from which the sut>strate was re- 
moved. 

40 

9. The method of daim 8 wherein said first reinforc- 
ing layer is glass. 

10. The method of daim 8 wherein said second rein- 
forcing layer is glass. 45 
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FIG. 1 
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FIG. 5 
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